Introduction {#sec1-1}
============

Stroke is a major public health problem. Traditionally, epidemiological stroke studies have focused on mortality and recurrence\[[@CIT1][@CIT2]\] and not on the long-term morbidity. The prevalence of disability among stroke survivors is between 24--54%.\[[@CIT3]\] The progressive decrease in stroke mortality observed in the last few decades, and the subsequent increase of survivors with residual impairments and disabilities, have been accompanied by a growing interest in the factors that could interfere with functional outcome and quality of life.\[[@CIT4]\] Depression is considered as the strongest predictor of poor quality of life among stroke survivors.\[[@CIT5]\]

Post-stroke depression (PSD) is one of the common emotional disorders afflicting stroke survivors. Previous studies have reported prevalence rates that have ranged from 18% to 61%, depending upon patient selection and criteria used.\[[@CIT6][@CIT7]\] Diagnosis of PSD is challenging; therefore, it often remains unrecognized and/or undertreated. PSD is associated with cognitive impairment, increased mortality and risk of falls, increased disability, and worse rehabilitation outcome.\[[@CIT8]\]

There is a relatively large number of studies available on PSD,\[[@CIT5]-[@CIT10]\] but it is surprising to note that the attention of authors has generally been focused on the epidemiological features and the impact of PSD on functional outcome, and not on the factors responsible for it. The objectives of this study are to determine the frequency of PSD in chronic stroke survivors and to examine its relationship with disability.

Materials and Methods {#sec1-2}
=====================

Sample {#sec2-1}
------

This study was conducted in the neurological rehabilitation unit of a tertiary research center. Stroke patients who had completed initial hospitalization at peripheral hospitals and were attending rehabilitation program for achieving functional independence were screened for enrolment into this study over a 1-year period. Patients with a first-ever supratentorial stroke of more than 3 months\' post-stroke duration, within the age range of 16--65 years, able to follow three-step commands, having impaired balance and gait but with ability to walk with or without support were included in the study. Patients with recurrent strokes, receptive aphasia, significant cognitive deficits affecting participation, and those with past history of depression were excluded from the study. The Institute Ethics Committee approved the protocol and written informed consent from all participants was taken prior to data collection.

Design {#sec2-2}
------

A cross-sectional, descriptive study design was used. The rehabilitation physician managing the patient did the screening of the patients for the study. The patients fulfilling the inclusion criteria were evaluated on all outcome variables and then referred to the in-house psychiatrist for diagnosis of the operationally defined depressive disorder (ICD-10).\[[@CIT11]\] Sociodemographic and clinical information was obtained in a pre-designed format by a single evaluator.

Outcome variables {#sec2-3}
-----------------

Demographic data (age, gender, marital and residential status, and type of family), stroke data (side and type of lesion and post-stroke duration), cognition (Mini Mental State Examination),\[[@CIT12]\] depressive ideation (Hamilton Depression Rating Scale), impairments (Scandinavian Stroke Scale), balance (Berg Balance Scale), ambulatory status (functional ambulation category), walking ability (speed), and independence in activities of daily living (ADL - Barthel Index) were noted, and their relationship with PSD was evaluated.

Statistical analysis {#sec2-4}
--------------------

Continuous variables were expressed as mean ± standard deviation and were evaluated by the Student\'s t test. Similarly, categorical variables were expressed as percentage of the total and were evaluated by the chi-square test. The two-tailed probability value was set at *P* \< 0.05 for statistical significance.

Hamilton Rating Scale for Depression {#sec1-3}
====================================

Depressive ideation was assessed on the 24-item Hamilton Rating Scale for Depression (HRDS). It consists of queries on mood, sleep, somatic symptoms, anxiety, and engagement in pleasure activities on graded score of 0--4. This has been validated for assessment of depression in stroke survivors.\[[@CIT13]\]

Scandinavian Stroke Scale {#sec1-4}
=========================

Impairment after stroke was assessed on the Scandinavian Stroke Scale (SSS). It consists of eight parameters, including consciousness, cognitive deficits, motor power, and walking ability, on a graded score of 0--12. The maximum score is 58; higher scores indicate better outcome.\[[@CIT14]\]

Bergman Balance Scale {#sec1-5}
=====================

It evaluates 14 sitting and standing activities, each on a 5-point scale. The maximum score is 56. Higher scores indicate better balance. It has been tested on patients with stroke and has shown good inter-rater and intra-rater reliability of 0.98 and 0.99, respectively.\[[@CIT15]\]

Functional Ambulation Category {#sec1-6}
==============================

It distinguishes six levels of support required during gait without taking into consideration any aid used. It is based on a walking distance of 15 meters. This has been validated for classifying qualitative walking handicap after stroke.\[[@CIT16]\] The test is performed with a cane but without orthosis. Levels are defined as follows:

Level 0: the subject cannot walk at all or requires the help of two or more peopleLevel I: the subject needs continuous support from one person who helps to carry the patient\'s weight and helps with balanceLevel II: the subject is dependent on the continuous or intermittent support of one person to help with balance and coordinationLevel III: the subject needs only verbal supervisionLevel IV: the subject requires help for stairs and uneven surfacesLevel V: the subject can walk independently anywhere

Walking speed {#sec2-5}
-------------

Walking speed was measured in meters per second as the subject walked across a 10-meter walkway. Subjects were allowed to use the walking aids they required and necessary assistance to compensate for any loss of balance was provided. This method has been validated and is widely used for quantitative classification of walking handicap following stroke.\[[@CIT17]\]

Barthel Index {#sec1-7}
=============

Independence in ADL was assessed with the Barthel Index. It can be subdivided to measure discrete functions of self-care and mobility, with an overall score of 100. This index has been widely used and for stroke subjects and has high reliability and validity and moderate responsiveness to changes in functional ability over time.\[[@CIT18]\]

Results {#sec1-8}
=======

One hundred and eighty-five stroke patients were screened during the study period and 73 of them met the inclusion criteria. Of those fulfilling the inclusion criteria, 51 patients gave informed consent and were included in the study. The clinical and demographic profile of these patients is given in [Table 1](#T0001){ref-type="table"}. The mean age of the study population was 46.06 ± 11.19 years, mean post-stroke duration was 467.33 ± 436.39 days \[[Figure 1](#F0001){ref-type="fig"}\], and mean Barthel Index (BI) score was 74.33 ± 13.38 \[[Figure 2](#F0002){ref-type="fig"}\].

###### 

Clinical and demographic profile of the study population (*n* = 51)

  Variable                                                       Value
  -------------------------------------------------------------- ---------------------------
  Age (Years)                                                    24-65 (46.06 ± 11.19)
  Gender (M:F)                                                   41:10
  Marital status (UM:M:S)[\#](#T000F1){ref-type="table-fn"}      19:31:1
  Type of family (N:EN:J)[\*](#T000F2){ref-type="table-fn"}      35:11:5
  Residential status (R:SU:U)[+](#T000F3){ref-type="table-fn"}   12:10:29
  Type of lesion (Infarction: hemorrhage)                        42:9
  Side of lesion (right: left)                                   27:24
  Post-stroke duration (days)                                    93-1785 (467.33 ± 436.39)
  Cognitive status (Mini mental status exam)                     23-30 (26.67 ± 2.35)
  Depressive ideation (Hamilton scale)                           1-19 (6.82 ± 3.84)
  Impairment (Scandinavian stroke scale)                         22-52 (40.82 ± 6.90)
  Balance (Berg balance scale)                                   9-51 (35.75 ± 11.55)
  Ambulatory status (Functional ambulation category)             II-16, III-12, IV-23
  Walking ability (speed m/s)                                    0.10-1.02 (0.38 ± 0.26)
  Activities of daily living (Barthel index)                     45-95 (74.33 ± 13.38)

UM: M: S - unmarried: married: separated);

N: EN: J - nuclear: extended nuclear: joint);

R: SU: U - rural: semi-urban: urban).

![Post-stroke duration (years) of the stroke population](AIAN-13-123-g001){#F0001}

![Independence in activities of daily living (Barthel Index scores) of the study population](AIAN-13-123-g002){#F0002}

Eighteen patients (35.29%) were diagnosed to have operationally defined depressive disorder as per ICD-10 criteria. Surprisingly, none of these patients were on any specific treatment for depression. When patients who were depressed (*n* = 18) were compared to those who were not depressed (*n* = 33), it was noted that depressed patients were mostly male (*P* \< 0.05), married (*P* \< 0.03), living in nuclear families (*P* \< 0.03), from urban backgrounds (*P* \< 0.03), and had higher scores on HRDS (*P* \< 0.003).

Depression was not related to parameters like age, type and side of lesion, and post-stroke duration. However, when prevalence was calculated on yearly basis, there was significant reduction in prevalence in those with stroke of more than 2 years\' duration \[[Table 2](#T0002){ref-type="table"}\].

###### 

Relationship of post-stroke duration with depression

  Post-stroke duration   Number of patients   Presence of depression
  ---------------------- -------------------- ------------------------
  \< 1 year              26                   12 (21.66)
  1-2 years              11                   4 (36.36)
  \> 2 years             14                   2 (14.8)

Figures in parentheses are in percentage

Depression was related to functional disability, i.e., cognition, balance, ambulatory status, walking ability, and independence in ADL but the relationship did not reach statistically significance (*P* \< 0.05). However, when evaluated as per different grades of independence in ADL (BI score), PSD showed high prevalence in moderately (BI score \< 80) to severely (BI score \< 60) dependent patients as compared to those who had mild dependency (BI score \> 80) \[[Table 3](#T0003){ref-type="table"}\].

###### 

Relationship of functional disability (Barthel index scores) with PSD

  Barthel index scores   Number of patients   Presence of depression
  ---------------------- -------------------- ------------------------
  \< 60                  9                    3 (33.3)
  61-80                  21                   10 (47.6)
  \> 80                  21                   5 (23.8)

Figures in parentheses are in percentage

Discussion {#sec1-9}
==========

At present, despite the abundant available literature, it is still difficult to define the true prevalence rate of PSD. This variability between studies arises not only from the methodological problems of the investigations but also from the complexity in recognizing, assessing, and diagnosing depression.\[[@CIT8]\] While most of the studies have based their diagnosis on different rating scales, others have used a structured interview format and the diagnostic standards defined by International Classification of Diseases or the Diagnostic and Statistical Manual of Mental Disorders.\[[@CIT8]\] It is important to recognize that rating scales were designed to measure depression severity in primary depressive illness rather than to diagnose depression itself, especially depression occurring as a comorbidity. The correct attribution of somatic symptoms to either PSD or stroke is a very relevant issue, because such symptoms may affect rating scales. This may be compounded by the inadequacies of physicians who do not have proper psychiatric training.\[[@CIT19]\] The present study was designed taking into account all these problems. The diagnosis of PSD in this study was done by a psychiatrist on operationally defined norms (ICD-10). The Hamilton Rating Scale for Depression was used only as an adjunct and it correlated well with the diagnosis of PSD.

A meta-analysis has estimated the pooled frequency of PSD at 33%, even with relevant differences across studies.\[[@CIT20]\] In particular, the pooled estimate from the population-based studies was equal in the acute and medium-term phases (33%), with a slight increase to 34% in the long-term phase of recovery after stroke. Moreover, there were only slight differences in the pooled frequencies in the hospital-based (acute 36%, medium-term 32%, and long-term 34%) and rehabilitation-based studies (acute 30%, medium-term 36%, and long-term 34%) over time \[[Table 4](#T0004){ref-type="table"}\].

###### 

Comparison between nondepressed and depressed patient population

  Variable                                                          Nondepressed        Depressed         *P* value
  ----------------------------------------------------------------- ------------------- ----------------- -----------
  Age (Years)                                                       47.76 ± 11.93       43.17 ± 9.47      0.26
  Gender (M:F)                                                      24:9                17:1              0.05
  Marital status (UM:M:S)[\#](#T000F4){ref-type="table-fn"}         14:18:1             5:13:0            0.03
  Type of family (N:EN:J)[\*](#T000F5){ref-type="table-fn"}         23:7:3              12:4:2            0.03
  Residential status (R:SU:U)[+](#T000F6){ref-type="table-fn"}      7:9:17              5:1:12            0.03
  Type of lesion (Infarction: hemorrhage)                           7:6                 15:3              1.00
  Side of lesion (right: left)                                      17:16               10:8              1.00
  Post-stroke duration (days)                                       529.48 ± 497.68     354.61 ± 270.25   0.17
  Cognitive status (Mini mental status exam)                        26.97 ± 2.49        26.11 ± 1.96      0.21
  Depressive ideation (Hamilton scale)                              5.70 ± 2.90         9.35 ± 4.42       0.003
  Impairment (Scandinavian stroke scale)                            41.73 ± 6.99        39.89 ± 6.39      0.45
  Balance (Berg balance scale)                                      36.06 ± 11.69       34.61 ± 11.13     0.79
  Ambulation (functional ambulation category) II-10, III-8, IV-15   II-6, III-4, IV-8   0.92              
  Walking ability (speed m/s)                                       0.42 ± 0.32         0.36 ± 0.22       0.47
  Activities of daily living (Barthel index)                        77.27 ± 12.50       70.28 ± 12.77     0.09

UM: M: S - unmarried: married: separated;

N: EN: J - nuclear: extended nuclear: joint;

R: SU: U - rural: semi-urban: urban

The prevalence of PSD in this study was 35.29%, which approximates the pooled estimates of 34--36% for medium-term to long-term rehabilitation-based studies.\[[@CIT21]\] The difference in prevalence rate as compared to other studies\[[@CIT7][@CIT21]-[@CIT23]\] might be due to the sample characteristics, since this study was confined to patients who were referred for rehabilitation, that too in the late phase following stroke. These were likely to be patients who were preselected on the basis of their rehabilitation potential, and in such a sample patients with mild and very severe stroke are likely to be excluded. The relatively younger mean age of 46.06 years in our study is probably reflective of this bias. The exclusion of patients with aphasia, because of the expected difficulty in evaluating depressive symptoms, was also an important confounding variable.\[[@CIT24]\]

A major concern is that none of the depressed patients in our study were on any antidepressant treatment. PSD is associated with increased disability and worse rehabilitation outcome\[[@CIT9][@CIT10]\] and therefore the need to routinely screen chronic stroke survivors for depression and institute appropriate treatment should be emphasized. Absence of PSD in young adults is a significant predictor of the ability to return to work. Improvement of depressive symptoms has been associated with better functional recovery.\[[@CIT25]\]

Demographic variables are important determinants of PSD.\[[@CIT21]-[@CIT23]\] Similarly, in our study, the most important determinants of depression were demographic variables like male gender, marital status, and living situation. This reflects the sociodemographic profile of a developing country, where there is lower per capita expenditure on health and few, if any, benefits provided to the disabled population. The majority of the earlier studies\[[@CIT21]-[@CIT23]\] had reported female gender as being an important risk factor for PSD. However, in contrast, male gender was an important determinant in our study. This might be due to the low proportion of females in our study population.

PSD in this study was not related to stroke lesion--related parameters like age, type and side of lesion, and post-stroke duration. This is in concordance with the majority of earlier studies.\[[@CIT21]-[@CIT23]\] However, one study each had reported site of the lesion,\[[@CIT26]\] younger age,\[[@CIT21]\] and older age\[[@CIT27]\] as being among the important risk factors for PSD. Although, post-stroke duration was not significantly correlated to PSD in our study, when yearly prevalence was calculated, there was significant reduction in the prevalence of PSD after 2 years. This is because longer post-stroke duration does have a positive effect on emotional responses to disability.\[[@CIT7]\]

Correlation between depression and impairment in ADL peaked at 6 months and thereafter fell, but it remained significant at 1 and 2 years post stroke.\[[@CIT28]\] The persisting significant association of impairment in ADL with depression may reflect the effect of severe depression in sustaining---and possibly even retarding recovery from---physical impairment.

Depression was related to functional disability in our study, as patients with PSD have lower mean scores for all functional parameters (cognition, balance, ambulatory status, walking ability, and independence in ADL) as compared to those without depression; however, this did not reach statistically significant levels (*P* \< 0.05). This is one among few studies where multiple dimensions of functional disability, such as post-stroke impairment, cognitive status, balance, walking ability, and independence in ADL are studied together.\[[@CIT29][@CIT30]\] One earlier study reported that PSD was unrelated to functional disability.\[[@CIT22]\] However, the majority of the previous studies have reported a significant relationship between disability and PSD.\[[@CIT23][@CIT27][@CIT28]\] This difference between our study and most of the earlier studies is due to two major reasons: 1) Our study population was less disabled due to a preselection bias, as patients with greater rehabilitation potential were included, and 2) the longer post-stroke duration allowed more time for the patients to come to terms with their disability.\[[@CIT7][@CIT28]\]

This study has several limitations because of the nature of the study population: for example, the small sample size, unequal gender distribution, exclusion of patients with aphasia, and longer post-stroke duration. The major limitation was the preselected nature of the study population, with only those with better rehabilitation potential being included; patients with mild or severe strokes are not likely to have been included, and the study population is therefore not representative of the general stroke population. The sample in this study was screened by the rehabilitation physicians providing care, but the diagnosis of PSD was made by a psychiatrist and that too on operationally defined guidelines; this emphasizes the need for multidisciplinary teams in rehabilitation. This is among very few studies that have evaluated the relationship of demographic factors, lesion--related parameters, and multiple functional disability parameters simultaneously in chronic stroke survivors. Such an approach aids better understanding of the origin and effects of depression following stroke. Knowledge of PSD and its relationship with disability may be of use during the planning, provision, and allocation of health services for the care of stroke survivors, especially in this era of health care cost management.

Conclusion {#sec1-10}
==========

The results of this study indicate that depression is underrecognized following stroke. The prevalence of PSD is high, with about one-third of stroke survivors suffering from it. Demographic variables are important determinants of PSD. Depression is related to functional disability following stroke but the relationship does not reach statistical significance in our study. The association of disability with PSD may reflect its effect on sustaining---and possibly retarding recovery from---physical impairment. We suggest that chronic stroke survivors be routinely screened for depression, given its high prevalence and its negative impact on further recovery and quality of life.
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